Cage culture is one of the important methods for intensive culture of tilapia in large water impoundments. But, information related to growth performance of androgen-treated monosex tilapia population during cage culture under the ecological conditions of India is limited. The aim of this study was to compare the growth potential of control, mixed-sex and androgen-treated, monosex tilapia in confined environment of cages. Control and hormone treated fish were stocked separately in mesh cages at a density of 50 fry / m 3 and it was found that the androgen treated monosex fish grew significantly larger than their control mixed-sex counterparts. The monosex population showed a significantly higher weight, length, depth, specific growth rate, daily weight gain, protein efficiency ratio and body protein content than the mixed-sex tilapia population. Thus, culture of hormone treated monosex tilapia in cages can be considered ideal for augmented production of the fish under Indian context.
Introduction
The Nile tilapia, Oreochromis niloticus (Linnaeus, 1758) is a widely cultured species because it grows and reproduces in a wide range of environmental conditions and tolerates stress induced by handling (Tsadik and Bart 2007) . The fish is currently ranked second only to carps in global production (Ridha 2006) . Previously, tilapia was consumed mainly in Africa and Asia but nowadays it has been touted as the "new white fish" replacing the depleted ocean stocks of cod and heck, leading to a worldwide demand for the fish (Yue and Zhou 2008) . The efficiency of reproduction in tilapia has paradoxical consequences. This aptitude allows easy and rapid propagation of the fish in various environmental conditions, but can as well be a source of problem. Within a limited environment, uncontrolled multiplication of the fish not only reduces the faunal diversity of the system but also produces dwarf fish population of poor market value (Coleman 2001; Hepher and Pruginin 1981) . Monosex culture of male tilapia is postulated to solve this problem and dietary supplementation of synthetic androgens is a potent method for production of all-male tilapia population (Guerrero 1982; Macintosh et al 1985; Gale et al 1999; Beardmore et al 2001; Smith and Phelps 2001) . In a previous study, monosex population of male tilapia was produced by treating fry with a synthetic male hormone 17 -methyltestosterone (17 MT) at a treatment regime of 10 mg/kg food for 30 days (Chakraborty et al 2007) . The predominant advantage of monosex culture can be achieved in such aquaculture situations where one sex displays marked growth superiority, as in tilapia (Beardmore et al 2001) . Thus, culture of such hormone treated monosex tilapia in confined system might prove effective to induce a positive approach towards tilapia culture in India.
Tilapia has been widely introduced in the shallow and seasonal ponds of eastern region of India (Sugunan 1995) . It is rapidly gaining popularity among the fish farmers as a readily available source of animal protein in the diets of rural and urban dwellers belonging to the lower socioeconomic strata. However, such indiscriminate introduction of the exotic fish into the open waters has generated a lot of debate in recent years. The ecologists and aquaculturists are concerned with the adverse effect of this exotic group on the indigenous fish population (Bartley and Martin 2004; De Silva et al 2004) . Cage culture can provide an effective measure to this problem. Tilapia can be cultured at high densities in mesh cages that maintain free circulation of water. It ensures flexibility in management practices with easy and low cost of harvesting. Such culture method is found suitable for tilapia as it provides means for not only more intensive production, but also controlling wild spawning and overpopulation. It can be applied in existing bodies of water that cannot be drained or seined and would otherwise not be suitable for aquaculture. But, this culture method is yet to be commercialized on a wide scale basis and is still in its pilot stage in India. Moreover, only a few published data on the growout performance of androgen treated Oreochromis niloticus in the Indian context is available (Pandian and Varadaraj 1988) . Hence, the propagation potentiality of sex-reversed tilapia population under cage culture system must be clearly documented. Considering these aspects, the present study aims to evaluate the comparative growth performance of the control mixed-sex and androgen treated monosex tilapia in cage culture system under the climatic and ecological conditions prevailing in the Gangetic plains of West Bengal, India.
Methods
Three days old mixed sex juveniles of Nile tilapia (mean weight 0.025 ± 0.009 g; mean length 1.25 ± 0.012 cm) were collected from the Fish Hatchery at Naihati, West Bengal. The fish were initially reared in glass aquaria at laboratory for one month and thereafter they were transferred to mesh cages for further five months of culture. In the laboratory, the fish were divided into two equal groups (n=50). During the first 30 days, one of the groups was given control diet at a rate of 20% body weight/day while the other was fed with 17 methyltestosterone (17 MT) treated diet with a dose of 10 mg/kg at the same rate. This optimal hormone treatment regime for production of almost 100% male tilapia population was deduced through our previous study (Chakraborty et al 2007) and hormone treated diets were prepared by the alcohol evaporation technique (Shelton et al 1978) . In brief, during the previous study, the fish were fed with differential hormone doses (5 mg/kg, 10 mg/kg, 20 mg/kg and 30 mg/kg food) for differential time period (15 days, 30 days, 45 days and 60 days) (Chakraborty et al 2007) . The differential amount of 17 MT was dissolved in 95% ethanol and then mixed with the pellets (1 litre ethanol/kg pellets). The 17 MT containing wet pellets were dried overnight in the open air. Control pellets were prepared similarly without the addition of 17 MT. All the hormone treatment regimes yielded significantly higher (P-value < 0.05) percentage of males compared to the control. Interestingly, the treatment regime of 10 mg/kg for 30 days yielded almost 100% male population that was significantly higher (P-value < 0.05) than other lower dose or duration treatment categories but with no significant difference (P-value > 0.05) from other higher dose or duration treatment categories (Chakraborty et al 2007) . Thus, the treatment regime of 10 mg/kg for 30 days was taken as the optimum treatment regime for the present study.
After one month, the control and androgen treated tilapia were transferred to two separate 1 m 3 standing surface cages made of bamboo frames and nylon wires with a mesh size of 1.3 cm at a stocking density of 50 fry / m 3 . The cages were equipped with covers to prevent fish losses from jumping or bird predation, placed in a large natural pond selecting an ideal location to allow sufficient water current and easy access for management practices and were separated from each other as well as the bottom substrate by enough distance to optimize water quality. During this period, both the fish groups were given control food (crude protein content 30% and total digestible energy 3000 ± 400 kcal/Kg food) made from a mixture of fine fish meal and rice bran, sieved to a size of less than 1 mm, at a rate of 10% body weight per day for the first two months and 5% per day for the rest three months. The total daily feed ration was divided into four equal portions. The experiment was conducted in three replicating units for statistical validation. Throughout the entire culture period different water quality parameters like temperature, DO 2 , free CO 2 , pH, total alkalinity and turbidity were regularly monitored using the standard procedures of American Public Health Association (APHA 1998) and maintained within ideal value limits for tilapia growth (data not shown).
Fish from each cage were measured individually for weight, length and depth every 4 weeks and at the end of the trial. Besides, growth parameters like specific growth rate (SGR), daily weight gain (DWG), food conversion ratio (FCR), protein efficiency ratio (PER) and apparent net protein utilization (ANPU) were measured according to standard formulation (Pechsiri and Yakupitiyage 2005) at the end of the culture period. Equal amount of wet muscle tissue from 10 fish from each experimental set were taken to determine proximate body composition using standard methods (AOAC 1984) . Moisture content was measured by drying a sample at 105 0 C in an oven for 24 hours and ash content was estimated by burning the sample at 550 0 C overnight in a muffle furnace. Crude protein and crude lipid were determined using the Kjeltec system 1026 distilling unit and Soxtec system HT 1043 (Tecator, Hognas, Sweden) respectively. To determine these body composites by wet mass, the proportion of dry tissue composed of protein, fat and ash was multiplied by percent solids from the original sample. The percent solid was calculated as the ratio of dry mass to wet mass. The results were reported as the mean ± standard error (SE). When appropriate, Duncan's multiple test (at 5%) (Duncan 1955 ) was applied to evaluate the differences among means. The statistically homogenous means were denoted by similar alphabets.
Results
The androgen treatment regime applied in the study could yield almost 100% male tilapia population (Chakraborty et al 2007) . The survival percentage of the fish for both the mixed-sex and monosex culture was around 90%. The growth patterns (Figure 1 ) in the mixed-sex and monosex groups depicted that after the first month of culture the MT treated monosex group grew more (~2 fold) than the control mixed-sex. The final growth at the end of 6-month culture duration of the monosex population was ~3 fold higher than that of the mixed-sex (P-value < 0.01) ( Figure 1A ). Among the mixed-sex population, the control males grew significantly more than the females (P-value < 0.05) (Table 1) . Moreover, the control females showed a significantly lower value of length compared to the males (P-value < 0.05) but, for depth, there was no significant difference between the sexes in the growth pattern (Table 1 ). The monosex tilapia grew significantly more than the mixed-sex fish in these two growth aspects also ( Figures 1B, 1C) . DWG of the mixed-sex tilapia population was significantly less than that of the monosex group ( Table 2) . SGR of the monosex fish was significantly high than its mixed-sex counterpart (Table 2) . But, FCR for the mixed-sex group was significantly more compared to the monosex group ( Table 2 ). The mixed-sex control group had significantly less PER value compared to the hormone treated monosex category (Table 2) . Control males had the highest water content and the lowest protein content of all the groups while the treated males possessed the highest amount of protein and the lowest water content (Table 3) . Control females had the highest fat content while control males had the lowest (Table 3 ). In addition, ash content was found highest in hormone treated group and lowest in control male category (Table 3) . ANPU decreased significantly for the monosex category compared to the mixed-sex group (Table 2) .
Discussion
Increase in freshwater fish production can result from the development and adoption of new technologies and improvement in the economic efficiency of farming operations. Tilapia has good potential for the enhancement of production in the fishery sector of India but considerable research is required to adopt different techniques of tilapia culture that are practiced in other countries.
The high survival percentage of fish for both the mixed-sex and monosex categories may be attributed to the protected environment of cages (Dan and Little 2000) and indicates that hormone treatment has no adverse effect on general fish health. The mesh size and arrangement of cages provide adequate open space for good water circulation through the cage to renew the oxygen supply and remove waste. The growth pattern of mixed-sex and monosex Nile tilapia population in the present study compared well with other studies. The higher growth rates of control males compared to control females (Table 1 ) might be due to increased energy being channeled towards metabolic maintenance and somatic growth in males while the females use considerable energy for spawning (Tran-Duy et al 2008) . The growth curves of mixed-sex and monosex fish in cages were more or less linear ( Figure 1A) indicating that the critical standing crop in cages was not exceeded (Diana et al 1994) possibly due to the addition of supplemented food. A few studies have demonstrated the enhanced yield of monosex male Nile tilapia populations under experimental conditions (Mair et al 1995) . In Oreochromis mossambicus (Peters, 1852) also, 17 MT treated fish is reported to show higher growth compared to the untreated fish reared under similar conditions (Macintosh et al 1985) . Dan and Little (2000) observed that on average, monosex tilapia grew more than 10% faster than mixed-sex fish in cages. Several studies are in agreement that testosterone produces muscle hypertrophy by increasing muscle protein synthesis (Bhasin et al 2001) . The increased growth performance and greater protein content of the androgen treated fish can surely be analyzed considering this knowledge. In many fish including tilapia, it has been reported that the protein requirement of the fish decreased with increasing size (El-Saidy and Gaber 2005). Our study has also indicated the same as observed from the decreased ANPU value with increased size in monosex population than that in the smaller mixed-sex fish. There was a general decrease in FCR and increase in PER for monosex fish than the mixed-sex ones. Such observation may be related to the fact that FCR decreases while PER increases with increased feeding rate (Pechsiri and Yakupitiyage 2005) . Moreover, hormone treatment can increase the SGR and DWG of the fish. Similar values of individual growth for monosex tilapia, as in our study, were also observed by Diana et al (1991 Diana et al ( , 1994 . It has been observed that for a given food composition, the body protein percentage on a wet weight basis is mainly affected by the body weight in salmonids (Shearer 1994) . Similar observations have been noticed in Nile tilapia also where body protein content increases with wet weight (Pouomogne and Mbongblang 1993; Abdelghany and Mohammed 2002) . This explains the higher protein content of the treated males than corresponding controls. Changes in body composition, particularly in body fat content, might influence feed intake in fish (Tran-Duy et al 2008) . In the present study, the highest body fat content but lowest weight of control females might indicate a negative correlation between the two factors. However, the hypothesis was not explicitly expressed considering the comparative weight and body fat content of control and hormone treated males.
In view of the relatively wide regional distribution of tilapia in India and its acceptability by the consumers, high priority is placed on the modification and improvements of the techniques for its culture. Culture of tilapia as a cash crop has two basic options: mixed-sex culture and the culture of monosex male populations. Regular culture without sex separation has often failed in the past because of the "wild spawning" of the tilapia that produces a large number of fry which stunt the entire population. Culture of monosex male tilapia resolves this problem. The management flexibility of intensive close culture systems can be achieved in open water through cage culture method. In spite of a relatively short history, cage culture of tilapia has spread rapidly throughout the world (Coche 1982) . It requires a low capital investment compared to other intensive culture methods but allows for the benefits of such close culture systems. Another important benefit of cage culture is the ease and low cost of harvesting. Besides, fish in cages can obtain a small amount of natural food resources along with the necessary supplementary diets. Thus, the major conclusions that can be articulated from the present study are: 1. The hormone treated males show higher growth rates than their control counterparts, 2. Additional advantages of larger fish and higher yields are gained through culture of such sex reversed fish, 3. Intensive culture of tilapia in the confined environment of cages can reduce the adverse ecological impact, if any, of tilapia culture in open water impoundments and 4. Cage culture of androgen treated monosex tilapia population can be postulated as the ideal method of choice for an eco-socio-economically sustainable tilapia culture in India. C.
